INTRODUCTION {#s1}
============

Balance disability is common following a stroke, and these patients have greater postural sway than age-matched healthy volunteers[@r1]^)^. It is important to maintain balance while performing tasks that require body movement or readjustment due to unexpected external forces[@r2]^)^. Neglect is an important predictor of poor outcome following a stroke[@r3]^)^. Stroke patients with neglect syndrome showed greater postural instability compared to those without neglect[@r4]^)^.

The vision, vestibular system, and somatosensory systems are important for postural control[@r5]^)^. In the three systems, Grace et al. demonstrated that the visual system is the main sensory system used to maintain a standing posture[@r6]^)^. However, stroke patients with neglect syndrome show multiple eye movement impairments, including reduced saccade amplitude and difficulty retaining spatial locations[@r7]^)^. This is considered to be a barrier to improvement of functional ability and motor recovery.

Eye movement has been suggested to be an effective method to improve postural control[@r8]^)^. Kerkhoff et al. reported eye movement (active smooth pursuit movements) to be a more effective trearment than conventional visual scanning training in neglect patients[@r9]^)^. Karnath also reported that eye movement is effective in improving body orientation in spatial neglect patients[@r10]^)^.

Functional electrical stimulation (FES) is also used to improve balance ability. FES is used for improvement of functional movement in patients who suffer from upper motor neuron diseases such as stroke, multiple sclerosis, and spinal cord injury[@r11]^)^. Robertson et al. demonstrated that physical improvements could result from FES treatment of stroke patients[@r12]^)^.

FES can be used for the restoration of sensory-motor function. Furthermore, FES causes changes in cortical excitability and stimulates cortical reorgnization[@r13]^)^. Harding and Riddoch reported that FES activates a proprioceptive map, which increases awareness of the contralesional side in neglect patients[@r14]^)^. However, the effect of application of FES in neglect patients remains unclear. Most previous studies have applied FES to the dorsiflexor muscle. However, in this study, we investigated the effect of applying FES to the neck extensor on the paretic side. Maintenance of balance is influenced by input from the visual senses, vestibular system, and by sensory information from the somatic senses in the neck[@r15]^)^.

Accordingly, the present study assesses the effect of eye movement, in conjunction with FES, on balance in stroke patients with neglect syndrome.

SUBJECTS AND METHODS {#s2}
====================

The subjects were selected from patients at the Rusk rehabilitation hospital (Seongnam, Republic of Korea), and comprised a total of 15 stroke patients with neglect syndrome. Neglect patients were defined as those scoring 11 or higher, according to the Catherine Bergego Scale (CBS)[@r16]^)^. The subjects were all paralysed on the left side, because the neglect is more common after a right hemisphere lesion than after a left hemisphere lesion[@r17]^)^.

The subjects had no visual or hearing impairment, and could stand independently for at least 1 min. They were selected from among those who scored at least 24 points on the Korean Mini-Mental State Examination (K-MMSE).

The subjects were volunteers. We explained the purpose and method of the study to the subjects, and only those who consented to participate were included. The study protocol was approved by the Local Ethics Committee of Yongin University (2-1040966-AB-N-01-201503-HSR-025-1). [Table 1](#tbl_001){ref-type="table"}Table 1.General characteristics and CBS values of subjectsGender (male/female)7/8Age (years)56.7 ± 7.76Time since stroke (months)28.6 ± 12.1Stroke type (infarction/hemorrhage)9/6Affected side (left/right)15/0CBS (scores)12.7 ± 1.4 shows the general characteristics and CBS values of the subjects.

The intervention was conducted 5 times per week, for a total of 6 weeks. An eye movement program was performed for 10 min, and followed by FES application for 15 min.

The eye movement program was designed according to the method used by Park et al[@r18]^)^. The program uses a drawing board ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Drawing board of eye movement). The drawing board was attached to a wall, and the subjects sat 3 m from the board and were asked to conduct the eye movements. The program was composed of 3 steps; saccadic eye movement, pursuit eye movement, and vergence eye movement. For the saccadic eye movement, up-and-down or left-and-right movements of the eyes were performed. For the pursuit eye movement, the subjects performed diagonal movements of the eyes. In the vergence eye movement, the subjects focused on a baton, which was moved slowly from a 10 cm to a 50 cm distance, and vice versa. The subjects performed 2 sets of the program and then a warm-down exercise to alleviate eye fatigue ([Table 2](#tbl_002){ref-type="table"}Table 2.Eye movement programStepMethodsSaccadic eye movementEye up-and-down motion (12↔6 direction) 10 times\
Eye left-and-right motion (9↔3 direction) 10 timesPursuit eye movementEye right.Up-and-left.Down motion (2↔8 direction) 10 times\
Eye left.Up-and-right.Down motion (11↔5 direction) 10 times\
Eye rotational motion 5 timesVergence eye movementMoving the target (proximal-distal or distal-proximal) in focus). For the warm-down, the therapist rubbed their hands together to generate heat and covered the subject's eyes with their palms lightly for 30 sec. [Table 2](#tbl_002){ref-type="table"} shows the eye movement program using the drawing board.

Microstim (Medel GmbH, Germany) FES equipment was used and two electrodes were attached to the paretic splenius capitis muscle (neck extensor), inducing movement of the head. FES was applied for a total of 15 min. The device was programmed to bipolar placement at a pulse rate of 30 Hz, pulse duration of 6 sec, and off-pulse duration of 2 sec. The stimulus strength was less than 15 V; which was sufficient to induce muscular contraction but did not result in discomfort for the subjects.

We used a BioRescue (SyCoMORe, France) to investigate the balance ability of the subjects. The device is comprised of a computer, software, and a platform equipped with sensors to measure the sway length and sway area. In this study, static balance and dynamic balance were measured separately. Static balance was measured with the subject's eyes open, and closed. And dynamic balance was measured with the subject's eyes open. During the test, the subjects stood on the platform with their feet spread at a 30° angle. To measure static balance, the subjects maintained a standing posture for 1 min both with eyes opened and eyes closed, while sway length and sway area were assessed. Dynamic balance was measured as the limit of stability. The subjects shifted their body weight to the maximal extent possible in the four directions shown on the screen, while the therapist measured the distance moved in the forward, backward, left and right direction[@r19]^)^.

Data were analyzed using SPSS for Windows version 20.0 software. The mean and standard deviation of the general characteristics were calculated using descriptive statistics. ANOVA was used to evaluate the changes in balance and head alignment. In all analyses, p\<0.05 was considered to indicate significance.

RESULTS {#s3}
=======

This study involved stroke patients with neglect syndrome. The changes in balance are presented in [Table 3](#tbl_003){ref-type="table"}Table 3.Measurement of static and dynamic balancePre-testPost-testStatic balanceEyes openSway length (cm)37.0 ± 1.835.1 ± 1.7\*Sway area (mm^2^)458.1 ± 28.7428.9 ± 20.1\*Eyes closedSway length (cm)45.9 ± 2.744.9 ± 2.8Sway area (mm^2^)547.7 ± 59.7537.1 ± 41.8Dynamic balance\
(Limit of stability)Forward (mm^2^)287.6 ± 39.8332.6 ± 48.7\*Backward (mm^2^)141.0 ± 33.5150.6 ± 30.9\*Left (mm^2^)147.1 ± 14.4160.6 ± 17.1\*Right (mm^2^)226.9 ± 18.9238.4 ± 16.8\*\*p\<0.05. The balance ability was divided into static and dynamic balance for this investigation. Lower static balance scores indicated a better level of balance, while higher dynamic balance scores indicated a better level of balance.

For static balance with eyes open, sway length and sway area showed significant differences following the eye movement with FES intervention therapy (p\<0.05). However, for static balance with eyes closed, sway length and sway area were not significantly. For dynamic balance, the limit of stability in all directions (forward, backward, left and right) showed significant differences following the intervention therapy (p\<0.05).

DISCUSSION {#s4}
==========

Balance control is a highly complex function that involves integration of the nervous and musculoskeletal systems. Visual, auditory, vestibular, and proprioceptor sensations, as well as visuospatial perception, stimulate the central nervous system (CNS), allowing it to rapidly, and accurately respond to environmental changes[@r20]^)^. In postural control, visual input provides information regarding the surrounding environment, postures and head movement[@r21]^)^.

However, stroke patients with neglect syndrome show impaired eye movement due to injury to their neural circuits reauired for attention[@r7]^)^. As such, improvement of visual attention is important for the treatment of stroke patients with neglect syndrome[@r22]^)^.

The importance of eye and head movements in postural control has been demonstrated, but most previous studied have focused on normal adults[@r8], [@r23]^)^. Therefore, in this study, we investigated the effects of head movement induced by eye movement in conjunction with FES on stroke patients with neglect syndrome.

In this study, subjects with eyes open, but not eyes closed, showed a significant difference in static balance. Regarding dynamic balance, there was significant difference before and after the intervention. This indicates that eye movement in conjunction with FES positively affected the balance ability of stroke patients with neglect syndrome when their eyes were open, but did not have positive effects when their vision was blocked.

Koo reported that eye movement induced tonic contraction in the antigravity muscles, and had a positive effect on balance ability by enhancing the sensory function of the CNS[@r24]^)^. Morimoto et al. noted that eye movement and gaze stability exercise might improve the postural stability of healthy adults. Although based on a different subject group, our findings are consistent with these previous reports, in that reported eye movement had positive effects on postural control[@r8]^)^.

Rushton noted that FES activated motor and sensory nerve fibers and promoted cortical reorganization through sensory stimulation of the paralyzed muscles[@r25]^)^. Lee et al. reported that balance maintenance is influenced not only by the muscle around the ankle but also by input from the somatic senses in the neck[@r15]^)^. In this study, FES stimulation of the neck extensor muscles induced muscular contraction, resulting in head movements and activation of the sensory nerve fibers, which exerted a positive effect on the balance ability of stroke patients with neglect syndrome. In addition, previous study reported that FES training influences the plasticity of the cerebral cortex, which improves the postural control of stroke patients with neglect syndrome by enhancing neuroplasticity[@r26]^)^.

Chung et al. reported that enhancement of neuroplasticity leads to functional recovery via improvements in afferent, and efferent neural activities[@r27]^)^. Correspondingly, in this study, eye movement in conjunction with FES exerted a positive effect on balance ability due to improvements in afferent and efferent neural activities.

However, eye movement in conjunction with FES did not result in significant improvement in balance ability when patients had their eyes closed. This may be because application of eye movement in conjunction with FES had positive effects on the visual ability in postural control but not on the proprioceptive sense. Thus, further studies should assess the effects of other interventions in stroke patients with neglect syndrome, in order to improve balance ability.

The limitations of this study include its small sample size, which lead to difficulty in drawing general conclusions from the results. Moreover, this study was of a single-group pretest-posttest design, not a case-control design. However, in this study, eye movement in conjunction with FES did exert positive effects on the balance ability of stroke patients with neglect syndrome when their eyes were open. Further studies with a larger sample size and analyzing various interventions should be performed to confirm the effects of eye movement, and FES.
